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0 Method and apparatus for multi-monitor adaptation circuit 



0 A method and apparatus for controlling two or 
more video display devices using a single display 
controller, where the display devices generally re- 
quire different control data. Basic display control 
parameters are stored in a memory and» when the 
controller is to be switched from one display device 
to another, the parameters are read from the mem- 
ory into a substitution device. The substitution de- 
vice receives modification control signals which de- 
pend on the newly selected display device and 
modifies the display control parameters before re- 
programming the display controller. The display con- 
stroller then contains the parameters as appropriately 
2 modified for the currently controlled display device. 

The operator can switch from one monitor to another 
22 by generating an appropriate control signal, where- 
iUupon the substitution device again reads the control 
parameters from the memory, modifies them accord- 
Sing to the newly selected display device, and re- 
^ programs the display controller using the modified 
parameters. 
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METHOD AND APPARATUS FOR MULTI-MONITOR ADAPTATION CIRCUIT 



The present invention relates to control of vid- 
eo display devices by a computer and, specifically, 
to control of multiple display devices by a single 
computer, each display device having different 
control parameters. 

The personal computer industry has three ba- 
sic graphics display standards. The "monochrome" 
display standard allows crisp text on a monoch- 
rome display using a 720 X 350 format, or . 720 
dots or pixels in each horizontal line and 350 
horizontal lines on the display. The "color graphics 
adapter" (CGA) standard supports 16 different col- 
ors on a display using a 640 X 200 format. The 640 
X 200 format is adequate for graphics and supports 
text modes, but the text is so coarse that it is not 
very useful. A third standard is known as the 
"enhanced graphics adapter" (EGA). The EGA has 
monochrome modes (720 X 350 text and 640 X 
350 graphics) and color modes (840 X 350 text and 
graphics as well as 640 X 200 text and graphics). 
The multiple modes allow the EGA to drive the 
original monochrome monitor, the original color 
monitor, and the new enhanced color display hav- 
ing both 640 X 200 and 640 X 350 modes. 

A dual scan monitor (DSM) has been devel- 
oped which has a low scan mode which is the 
same as the industry standard color monitor and a 
high scan mode which is unique to a particular 
application. The low scan mode has a horizontal 
scan frequency of 15.7 KHz and a 60 Hz frame 
rate. The high scan mode has a horizontal scan 
rate of 18.5 KHz and a 50 Hz frame rate. 

The horizontal and vertical scan rates in the 
640 X 200 resolution mode of the enhanced color 
display, the standard color monitor, and the dual 
scan monitor are the same. As a result a display 
controller can drive an enhanced color display and 
a dual scan monitor or a standard color monitor 
and a dual scan monitor in the 640 X 200 resolu- 
tion mode at the same time. 

However, the horizontal and vertical scan rates 
in the 640 X 350 resolution mode of the enhanced 
color display and the dual scan monitor are not the 
same. As a result, a single display controller cannot 
drive both an enhanced color display and a dual 
scan monitor in the 640 X 350 resolution mode at 
the same time. 

The present invention enables a computer and 
a single display device, or CRT, controller to drive 
and control two or more display devices, each of 
which requires different control parameters. The 
control parameters for the CRT controller are typi- 
cally provided from the computer according to soft- 
ware instructions. One embodiment of the present 
Invention utilizes a memory device in conjunction 



with the CRT controller for storing control param- 
eters which are used to program the CRT control- 
ler. Switches are used to indicate to the CRT 
controller the types of display devices connected 

5 to the computer. A control device, utilizing Input 
from the switches, determines the monitor type 
which is being driven by the CRT controller at any 
particular time. A substitution device receives input 
from the control device and the storage device and. 

10 depending upon the type of monitor being driven, 
modifies the control parameters as they are read 
from the storage device or received from the com- 
puter and written to the CRT controller. A control 
signal generated from the computer keyboard trig- 

75 gers the control device to switch from one monitor 
type to another and. in response to that control 
signal, the CRT controller is reprogrammed with 
the appropriate control parameters as read from 
the storage device and modified by the substitution 

so device. 

RG. 1 is a block diagram showing a com- 
puter, an adapter circuit according to the present 
invention, a CRT controller, and two display de- 
vices, each of which may be driven by the CRT 

25 controller. 

RG. 2 is a schematic diagram of an adapter 
circuit according to the present invention. 

FIG. 1 shows a block diagram of a system 
utilizing an adapter circuit 10 according to the 

30 present invention. The adapter circuit 10 is inter- 
posed between the processor 11 and the CRT 
controller 12 and contains buffers, a memory de- 
vice, and programmable logic devices. CRT control 
data is written by the processor 11 into the adapter 

35 circuit 10 which, in turn, either transmits those data 
directly to the CRT controller 12 or first modifies 
the data before transmitting them to the CRT con- 
troller 12. The processor 11 also sends display 
data through the adapter circuit 10 to the CRT 

40 controller 12 for display on the video display de- 
vices 13 and 14. The processor 11 may read data 
which is stored in the CRT controller 12 video data 
memory and that is accomplished through the 
adapter circuit 1 0. 

45 FIG. 2 is a schematic diagram showing an 
adapter circuit according to the present invention. 
The data bus 21 connects the processor with the 
adapter circuit and provides a path for transfer of 
data between the processor and the adapter circuit 

50 It is a bidirectional bus. Buffer U53 interconnects 
the data bus 21 with a bidirectional adapter board 
bus 22 and. when enabled, allows data to pass 
from the board bus 22 to the data bus 21 . In this 
way, data can be read from the CRT controller, 
through the adapter circuit to the processor. Buffer 
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U54 interconnects the data bus 21 with a memory 
device U52 and a substitution device U51 and, 
when enabled, allows data to pass from the proces- 
sor to the memory device U52 and the substitution 
device U51. As will become more clear below, the 
buffers U5d and U54 each allow uni-directlonal 
passage of data to the bidirectional data bus 21 
and adapter board bus 22. 

Also connected to the data bus 21 is an index 
register U55. The index register U55 is used in 
conjunction with the memory device U52 and with 
a control device U47. The use of the index register 
U55 will be explained in greater detail later. 

Appendix B sets forth parts infomnation for 
different components illustrated in FIG. 2. Appendix 
B is incorporated by reference as if set forth in full. 

Switches SW2 are manually set switches which 
are used to indicate to the adapter circuit the types 
of monitors connected to the CRT controller. Four 
different monitor types are normally possible and 
each monitor type may be uniquely Identified using 
two binary signals. Accordingly, a pair of switches 
and a pair of lines may be used to identify a single 
monitor type. In the embodiment shown in FIG. 2, 
two different monitors are connected to the CRT 
controller and four switches in SW2 and four in- 
dependent lines are used to indicate the two moni- 
tor types. A "pull-up" circuit 30 consisting of resis- 
tors is used in conjunction with the switches to 
provide "high" and "low" signals on the individual 
lines in response to the open or closed status of 
the individual switches. 

A control mode register U27 accepts inputs to 
select which monitor(s) enable/disable and provides 
four output signals which are utilized in the present 
invention. Two of the signals are used to 
enable/disable the two monitors connected to the 
CRT controller. A third signal is a "tie breaker" if 
there are two monitors attached to the controller 
that can display in the programmed mode but not 
at the same time. The fourth signal, "RESTORE", 
is used whenever the CRT controller Is to be 
switched from one monitor to another. That opera* 
tlon will be explained in more detail below. 

Device U28 accepts input from the switches 
SW2 and from the control mode register U27 and 
generates signals which will, in part, determine the 
type of modifications to the video control param- 
eters which might be necessary. For example, the 
device U28 generates signals which enable and 
disable the two monitors and it generates signals 
specifying whether any modification is needed for a 
color or monochrome mode. This will also be ex- 
plained in more detail below. 

Memory device U52 is a random access mem- 
ory (RAM) which may be written to or read from 
and is used to store the display control parameters 
for later modification and transfer to the CRT con- 



troller. The memory device U52 receives its data 
input from the computer via the data bus 21 and 
the buffer U54. When the computer processor pro- 
vides video control parameters for possible modi- 

5 fication and transfer to the CRT controller, those 
parameters are simultaneously stored in the mem- 
ory device U52 and written to a substitution device 
U51. This writing to the memory device will occur 
when the "write enable" signal Is active to the 

70 memory device U52, As will be seen below, the 
"write enable" signal will be inactive when the CRT 
controller is being switched from one monitor to 
another. Othenwrse, whenever the application pro- 
gram being executed by the processor calls for 

76 new display control parameters, the "write enable" 
signal will be active and those parameters will be 
written to the memory device U52 through the data 
bus 21 and the buffer U54. 

The substitution device U51 receives input 

20 from the processor by way of the buffer U54. The 
substitution device U51 is a programmed logic 
device which contains instructions for modifying 
the display control parameters so that the desired 
monitor may be driven in the desired mode. The 

25 device U51 is connected to the buffer U54 and the 
memory device U52 such that its input may come 
from the buffer 1154 or the memory device U52. 
Under conditions which will be more particularly 
specified below, the input to the substitution device 

30 U51 will be read from the memory device U52 and 
will not be transmitted from the processor through 
the buffer U54. 

The index register U55 is also connected to the 
data bus 21 and is used in conjunction with the 

35 memory device U52 to address individual values 
stored in the memory device U52. The index regis- 
ter U56 also supplies address information to a 
control device U47 for use in generating modifica- 
tion signals. 

40 The control device U47 accepts input from the 
device U28 and the index register U55, as well as 
other signals. Its output is used to control reading 
from and writing to the memory device U52 and to 
provide modification control signals to the substitu- 

45 tion device U54. An "enable" signal for controlling 
the buffer U54 is also generated by the control 
device U47. The control device U47 is a pro- 
grammed logic device. 

The CRT controller typically has a number of 

so programmable registers. These registers determine 
things such as the size of the character cell, the 
total number of horizontal lines, the horizontal blank 
time, the horizontal retrace time, the vertical blank 
time, the vertical retrace time, the size of the 

55 cursor and the location of the cursor. 

The values programmed in these registers and 
the clock frequency selected determine the actual 
timing of the signals that drive the displays or 
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monitors. Using a monitor that has different timing 
requirements tlian that expected by the software 
requires ciianging the drivers in the software or 
having the controller change the values as needed 
for the different monitor. 

When the computer is initially powered up. the 
CRT controller Is programnned according to the 
type of monitor expected by the software based on 
the clock frequency selected and the I/O address 
decode selected. When the controller Is pro- 
grammed, the values in the software for the CRT 
controller are stored in the memory device U52 
and the CRT controller is programmed. 

The switches SW2 are selectively opened and 
closed to indicate to the adapter circuit the monitor 
types connected to the CRT controller. The device 
U28 receives input from the switches SW2 as well 
as clock select signals and generates signals in* 
dicating whether modification of the display control 
parameters will be necessary. Those signals, as 
well as others, will provide Inputs for use by the 
control device U47 as will be explained below. 

The control mode register U27 receives input 
regarding the monitor(s) to be selected. Device 
U28 uses the outputs from U27 and generates 
signals which enable/disable each of the individual 
monitors. The control mode register U27 also re- 
ceives a control signal as generated from the com- 
puter keyboard and, in response to the signal, 
activates the RESTORE bit at the output of the 
control mode register U27. The control device U47 
receives as input the RESTORE bit signal from the 
control mode register U27. In addition, the device 
U47 monitors the outputs of the device U28. the 
direction control line, whether a 40-coiumn or an 
80-column mode is being programmed, the least 
significant address line and lines Indicating CRT 
controller reads and writes. The control device U47 
uses this information for a number of purposes. 
Rrst. the control device U47 provides a write en- 
able signal to the buffer U54 to turn on the buffer 
to enable data from the CPU to pass through tiie 
buffer. Secondly. U47 generates control signals to 
the memory device U52 to allow the writing of data 
into the memory device or the reading of data from 
the memory device. Third, the control device U47 
provides control signals to the substitution device 
U51. These control signals are used by the sub- 
stitution device U51 to modify the display control 
data which it receives from tiie processor or tiie 
memory device U52 and which it then passes to 
the CRT controller. 

Application software which may be executed 
by a computer typically contains display control 
data which is used to program a CRT controller to 
appropriately control the monitor. Although these 
values may be changed during tiie course of tiie 
execution of the program, for purposes of explan- 



ing the operation of the present invention, it will be 
assumed that a program is run in which these 
control parameters are specified initially in the pro- 
gram and remain tiie same throughout. 

5 When the application program is initiated in the 

processor, the video control parameters are output 
to the CRT controller through the adapter circuit. 
The "write enable" signal from the control device 
U47 enables the buffer U54 to pass tiie display 

ro control parameters from the processor into the 
adapter circuit In addition, as the appropriate 
memory addresses appear in the index register 
U55, a "write enable" signal is applied to the 
memory device U52 to enable the data being 

75 passed to be written into the memory device U52. 
As the control parameter data is passed through 
the buffer U54 and stored in the memory device 
U52. it also passes to the substitution device U51. 
The switches SW2 having been set to indicate the 

20 monitor types attached to the CRT controller and 
device U28 having specified whether a parameter 
substitution is for a color mode or a monochrome 
mode, the control device U47 generates control 
signals CTRLA. CTRLB, CTRLC. and CTRLD as 

25 inputs to the substitution device U51. The device 
U51 modifies the parameter data received from the 
buffer U54 in accordance with the control signals 
received from the control device U47. Attached 
hereto as Appendix A is a table showing the var- 

30 ious combinations of the c6ntrol signals A through 
D. the values typically written by the application 
software, and the resulting modified value which is 
ti-ansmitted from the substitution device U51 to the 
CRT controller. Appendix A is incorporated by ref- 

35 erence as if fully set forth. 

The index register U55 is used to address the 
individual storage locations in the memory device 
U52. The transfer of the control parameters, and 
otiier data, from the processor to tiie adapter circuit 

40 is a two-step process. First, a register location is 
Identified and tiiat information Is stored in the index 
register U55. Next, tiie data to be stored in the 
register is passed from the processor to the adapt- 
er circuit and is transmitted through the buffer U54. 

45 Continuing, a new register is identified and the data 
for that register is passed. This process continues 
until all the necessary data have been transfen^ed. 

As the control parameters are being transferred 
from the processor to the adapter circuit, the regis- 

50 ter identifications are being monitored by the con- 
trol device U47. In response to those identifications 
and certain other inputs, the control device initiates 
the CTRLA through CTRLD signals to the substitu- 
tion device U51, Those control signals are tiien 

55 used, as needed, to modify tiie data toeing trans- 
mitted from the processor through the data bus. 
through the buffer U54 to tiie substitution device 
U51. The data modification which occurs in the 
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substitution device U51 is specified in Appendix A. 

While the control parameter data Is being pro- 
cessed by the adapter circuit, it is also being 
stored in the nnemory device U52. The index regis- 
ter signals are used to store the parameter signals 5 
in the proper locations In the memory device U52. 
After Initial programming of the CRT controller and 
during operation of the application program, should 
the computer operator desire to transfer visual out- 
put to a second, different monitor, he will generate lo 
a control signal at the keyt>oard which will activate 
the RESTORE signal at the control mode register 
U27. This RESTORE signal is input to the control 
device U47 and a RAM "output enable" signal is 
generated by the control device U47 and applied to rs 
the memory device U52. At the same time, the 
"write enable" signal supplied from the control 
device U47 to the buffer U54 is deactivated to 
block the passage of data through the buffer U54. 

The control device U47 then causes the pa- 20 
rameter data stored In the memory device U52 to 
be output to the substitution device U51. one stor- 
age location at a time. The Index register U55 is 
sequenced through the various registers which 
must be accessed and the control device U47 25 
operates as though the application program were 
being originally initiated. That is, it generates the 
CTRLA through CTRLD signals and inputs them to 
the substitution device U51 as the device U51 is 
receiving the parameter data from the memory so 
device U52. Because a different monitor is being 
accessed and it may need different control param- 
eters, the CTRLA through CTRLD signals are likely 
to differ from tios© originally generated. Likewise, 
the modifications performed in the substitution de-- 36 
vice 1)51 will likely result in different control param- 
eters being transfen'ed to the CRT controller. 

The computer operator can switeh between the 
vanous monitors by generating the appropriate 
control signals at the keyboard. Each time this 40 
occurs, the RESTORE bit signal will be activated at 
the control mode register U27 and the reprogram- 
ming of the CRT controller will be performed by 
the sequential readout of control data from the 
memory device U52 as modified by the substitu- 4S 
tion device U51. 

While the present Invention has been de- 
scribed in terms of one specific embodiment, it will 
be understood by those of skill in the art that the 
invention may assume numerous different embodi- so 
ments. Accordingly, the Invention should be limited 
only by the scope of the appended claims. 



Claims 

1 . A method for controlling two or more video 
display devices using a single controller, compris- 
ing the steps of: 

transferring display control data to a memory de- 
vice and to a substitution device; 
generating type signals indicative of the types of 
display devices to be controlled; 
generating modification signals as determined by 
the type of a first display device to be controlled; 
modifying the display control data In the substitu- 
tion device in response to the modification signals; 
programming the controller using the modified dis- 
play control data; 

generating a switch signal to change control from 
the first display device to a second display device; 
reading the display control data from the memory 
device into the substitution device; 
generating modification signals as determined by 
the type of the second display device to be con- 
trolled: 

modifying the display control data in the substitu- 
tion device in response to the modification signals; 
and 

re-programming the controller using the modified 
display control data. 

2. An adapter circuit for Interfacing a single 
display controller with two or more video display 
devices, comprising: 

a memory for storing display control parameters; 
means for indicating types of display devices to be 
controlled by the controller; 
means for selecting a display device to be con- 
trolled and for generating a change signal; and 
a substitution device responsive to the change sig- 
nal to receive display device data and to read 
display control parameters from tiie memory and 
operative to modify the display control parameters 
in accordance with the display device data and 
operative to program the display controller to con- 
trol the selected display device. 
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